Abstract. We studied benthic foraminifera from the last 45 kyr in the >63 tam size fraction in Biogeochemical Ocean Flux Studies (BOFS) cores 5K (50ø41.3'N, 21ø51.9•V, depth 3547 m) and 14K (58ø37.2'N, 19ø26.2%V, depth 1756 m), at a time resolution of several hundreds to a thousand years. The deepest site showed the largest fluctuations in faunal composition, species richness, and benthie foraminiferal accumulation rates; the fluctuations resulted from changes in abundance of Epistorninella exigua and Alabaminella weddellensis. In the present oceans, these species bloom opporttmistically when a spring plankton bloom results in seasonal deposition of phytodetritus on the seafloor. The "phytodetritus species" had very low relative abundances and accumulation rates during the last glacial maximum. A strong increase in absolute and relative abundance of E. exigua and A weddellensis during deglaciation paralleled the decrease in abundance of the polar planktonic foraminifer Neogloboquadrina pachyderma (s), and the increase in abtmdance of warmer water planktonic species such as Globigerina bulloides. This strong increase in relative abundance of the "phytodetritus species" and the coeval increase in benthie forammiferal accumulation rate were thus probably caused by an increase in the deposition of phytodetritus to the seafloor (and thus probably of surface productivity) when the polar front retreated to higher latitudes. The abundance of "ph3rtodetritus species" decreased during the Younger Dryas, but not to the low levels of fully glacial conditions. During Heinrich events (periods of excessive melt-water formation and ice rafting) benthie accumulation rates were very low, as were the absolute and relative abundances of the "phytodetritus species", supporting suggestions that surface productivity was very low during these events. In both cores Pullenia and Cassidulina species were common during isotope stages 2, 3 and 4, as were bolivinid, buliminid and uvigerinid species. High relative abtmdances of these •ies have been interpreted as indicative either of sluggish deep water circulation or of high organic carbon fluxes to the seafloor. In our cores, relative abundances of these species are negatively correlated with benthic foramini feral accumulation rates, and we can thus not interpret them as indicative of increased productivity during glacials. The percentage of these "low oxygen" species calculated on a "phytodetritus species" -free basis decreased slightly at deglaciation at 5K, but not at 14K. This suggests that decreased production of North Atlantic Deep Water during the last glacial might have slightly affected benthic foraminiferal faunas in the eastern North Atlantic at 3547 m depth, but not at 1756 m. In conclusion, major changes in deep-sea benthie foraminiferal faunas over the last 45,000 years in our cores from the northeastern Atlantic were the result of changes in surface water productivity, not of changes in deep water circulation; productivity was lower during the glacial, probably because of extensive ice cover.
. It therefore appears dubious that the small differences in physicochemical parameters in today's deep water masses could be the dominant determinant of deep-sea benthie foraminiferal assemblages [Thiel et al., 1988; Gooday et al., 1992] . Practically, no consensus has emerged on the relation between specific physicochemical parameters and the abundance of specific species of foraminifera despite many years of studies in all oceans [e.g., Corliss, 1985; Thomas, 1985; Corliss and Chen, 1988; Boltovskoy et al., 1991 Boltovskoy et al., , 1992 Gooday, , 1994 . Researchers thus considered food supply to the deep-sea faunas as a factor in the assemblage composition [e.g., Corliss et al., 1986; Gooday, 1988 Loubere, 1991; Miao and Thunell, 1993; Smart et al., 1994] . Note that "food" (organic particulate matter, which can be "eaten" by heterotrophs) must be seen as distinct from nutrients (dissolved inorganic elements such as N and P) [e.g., Hallock, 1987] . Studies of Recent Uvigerina, for instance, show that a high supply of organic material to the sediments and not the oxygen concentration in the bottom waters is most important in controlling its distribution [Lutze, 1980 [Lutze, , 1986 Miller and Lohmann, 1982 Deep-sea benthie foraminiferal faunas are diverse and contain a large proportion of rare species [e.g., Douglas and Woodruff, 1981]. Therefore one must establish the minimum number of specimens needed to obtain a reliable estimate of the species richness (number of species per sample). We obtained rarefaction curves (number of species versus number of specimens; Sanders, 1968) for several samples from glacial and interglacial intervals. Species-specimen curves become parallel to the species-axis at about 180 specimens, and thus we decided to pick at least 200 specimens per sample. This number is similar to that obtained by Thomas [1985] for late Paleogene to Neogene samples from the equatorial Pacific and the northern Atlantic Ocean [Thomas, 1986a, b] .
For benthie foraminiferal studies one strewing in a picking tray was investigated to estimate the abundance of benthie foraminifera in the sample. A microsplitter was used to obtain a split of such a size that one would expect to find 200 or more specimens. All benthie foraminifera were then picked from the split; if the number turned out to be less than 200 additional splits were made and picked until 200 specimens were obtained. This proved to be possible in almost all samples. We compared the changes in relative abundance with those in absolute abundances (number of benthie foraminifera per gram), because the former suffer from the "fixed sum" problem: an increasing percentage of one abundant species will automatically result in decreasing percentages of other abundant species.
The abundance of benthie foraminifera (number of specimens per gram) varied by more than three orders of magnitude (i.e., by much more than the sedimentation rates). High glacial productivity at the location of 5K and 14K, however, is not supported by other evidence. The relative abundance of the planktonic foraminiferal species G.
hulloides, a high-productivity indicator, and its b13C record, suggest that surface productivity was low to very low during glacials at the location of cores I4K and 5K (50ø-60øN) [ During isotope stages 2 and 3 the BFAR was higher at the shallower site, as expected. At 5K the BFAR, the total benthie absolute abundance, and the abundance of the "phytodetritus species" decreased during the Younger Dryas (Figures 7 and 9) .
The record at 14K has a low time-resolution, but a similar signal may be present. The total of "phytodetritus species" was at different times dominated by A. weddellensis or by E. exigua at sites 5K and 14K. We cannot offer an explanation for this phenomenon (Figures 3 and 4) , because from studies of Recent faunas no difference in environmental preference between the two species is known.
We conclude that the fluctuations in absolute and relative abundances of the "phytodetritus species" should be explained as resulting from changes in intensity of the spring blooms of phytoplankton productivity, which produces phytodetritus without the "phytodetritus species" (Figure 11 ). The "corrected abundance" of the "low oxygen" species shows a decrease at deglaciation at 5K; at 14K these species had their lowest abundance between 22 and 27 kyr. We can not interpret high relative abundances of these species as indicative of high deposition of organic matter, as explained above. Therefore their higher glacial abundance could be seen as suggestive of more sluggish circulation during the last glacial maximum as well as during oxygen isotope stage 3 at 5K. The evidence for this conclusion is not strong, however, because of the very small numbers of specimens belonging to non-"phytodetritus species" after deglaciation.
Another feature of the faunal record at 5K is the increase in relative abundance and diversity of agglutinated species during deglaciation (Figures 2 and 3 We do not conclude that high abundances of "phytodetritus species" indicate high productivity as compared to typically high-productivity regions; we discussed only effects on a midocean fauna in an overall low-productivity region. On continental margins overall productivity is higher and the flux of organic matter to the seafloor is more continuous; in these regions the organic carbon content of the sediments is commonly high (Miao and Thunell, 1993; Rathburn and Corliss, 1994) , and positively correlated with the BFAR. High abundance of the "phytodetritus species" species appears to indicate occasionally high, but pulsed, unpredictable and non continuous deposition rates of organic matter to the seafloor; in such regions the BFAR may not be positively correlated with the organic carbon content of the sediments. We may ], but appears to be in conflict with the suggestion that diatom productivity could have been high in the waters directly surrounding melting icebergs ("ice edge" effect) [Sancetta, 1992] . During Heinrich event 2 E. arctica (s.1.) had a very high relative, not absolute abundance at 5K (Figures 2 and 3) . We cannot explain this occurrence: possibly the species can survive the very low surface productivity events better than other species. It is the dominant species at depth in the Arctic Ocean, where productivity is extremely seasonally limited [Lagoe, 1977 [Lagoe, , 1979 Belanger and Streeter, 1980; Scott and Vilks, 1991] . Its dominance in the Arctic can not be explained by physical factors, and has been attributed to unspecified "biological factors" [Lagoe, 1979] . We speculate that such a biological factor could be the extremely short period of pulsed food input into the deep ocean, so extreme that the "phytodetritus species" can not bloom. Maybe E. arctica (s.1.) can react to the summer food influx by very rapid growth and reproduction, as recorded to occur in some species [Altenbach, 1992] .
In the modern ocean absolute and relative abundances of "phytodetritus species" are higher at the deeper site 5K than at the more northern and much shallower site 14K, suggesting that spring bloom activity is intense at the deeper site 5K. During isotope stages 2 and 3, however, the situation was reversed, with higher numbers at the shallower site 14K, the expected pattern [Herguera, 1992] . Data on the planktonic foraminiferal species abundances and derived sea surface temperatures [Maslin, 1993; Maslin et Lehman, 1993]. Our data suggest at least tentatively that this might be true. At locations where changes in the character of deep waters were more pronounced, circulation effects might be more pronounced than productivity effects. In evaluating published data we must realize that most authors studied the >125 or > 150 tim size fraction, while most specimens of the "phytodetritus species" are in the 63-125 tiIn size range [Gooday, 1988] ; in contrast, the average size of Uvigerina and CibicidoMes species is larger than 125 lain. Some h•dividuals, especially of E. exigua, are in the >125 tim size fraction, and this species has been shown to contribute significantly to glacial-interglacial differences [Schnitker, 1974 [Schnitker, , 1979 [Schnitker, , 1980 Atlantic were the result of changing abundances of E. exigua and A. weddellensis. In the present oceans these species are opportunists, and very abundant when a pronounced spring plankton bloom leads to seasonal deposition of phytodetritus to the seafloor. During glacial periods the abundance of these "phytodetritus species" was very low, and benthie foraminiferal diversity relatively high.
2. The strong decrease in absolute and relative abundance of these species during the last glacial maximum can be explained as evidence for strongly decreased surface water productivity at latitudes between 50 o and 58øN in the eastern Atlantic Ocean. High oceanic primary productivity during glacial periods thus must have occurred at lower latitudes.
3. Benthie foraminiferal faunas followed the migration of the polar front during glaciation-deglaciation, and productivity effects strongly overshadowed possible effects that changing rates of ventilation of the deep waters in the northeastern Atlantic may have had. Relative abundance of "low-oxygen" or "high organic carbon" infaunal species determined on a phytodetritus-species free basis suggests that decreased ventilation at the location of 5K, but not at the location of 14K, might have occurred during the last glacial maximum, but the evidence is weak.
4. Productivity was strongly reduced during Heinrich events, and less so during the Younger Dryas.
Comparison of benthie faunas, Cd/Ca ratios in their tests
and in the surrounding waters, and 6•3C in tests and waters should be made between regions under strong spring bloom activity and in low-productivity regions, to estimate with confidence which parts of the observed signals in these proxy parameters is due to changes in spring bloom activity, which part is due to changes in ventilation.
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